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HKO Operational Mesoscale NWP System

Atmospheric Integrated Rapid-cycle (AIR) Model System

based on JMA-NHM
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Model Terrain over Hong Kong

Meso-NHM Terrain over Hong Kong RAPIDS-NHM Terrain over Hong Kong
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Data assimilation of observations from mesoscale observing network and
remote sensing platforms
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Targets of AIR/NHM

* Mesoscale analysis

- Quantitative precipitation forecasts (QPF)

* Tropical Cyclones
- Track and intensity

* High wind areas

« Other applications

* Aviation specific



Applications

- Hourly mesoscale analysis based on RAPIDS-NHM 3DVAR

- A more optimal use of rapidly-update QPF from Meso-NHM and RAPIDS-
NHM

« Forecasting of high wind in tropical cyclone situations



RAPIDS-NHM Hourly Analysis
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Moisture transport and moisture flux convergence analysis
on 850 hPa

RAPIDS-NHM Hourly Analysis

Version 1.01

Date of Analysis (UTC): 20121205 _3
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Stamp Map Display

showing the analysis over the last few hours

(Select product)

2012021300 WIND_ISOTACH_SFC
201206130000 UTC e

e ————

Rows of product
display can be
customized !

...........

2012041223

1223 WIND_ISOTACH _SFC
e 201204922300 UTC  eeome

¥

2012041300 WIND_RE_923hPa

201206130000 UTC e

1223 WIND_RH _S23kPa

201204

-
— —

4 »
Y

20120412 2300 UTC s

201201222 WIND_ISOTACH_SFC
S e 201204122200 UTC  wmeonm

WAL

2012041221 WIND_ISOTACH_SFC
[ P— 2\)1270_4 120 UTC e

G

1 \C,_v.v 9%

-vem r_——

e
— - —

WIND RH_
20120412 2200 UTC

¥ _S13hPa

N4

,,,,,,,,,,,

201201220 WIND_ISOTACH _SFC
S e 2012:04-12 20:00 UTC

PP — S

oo. —_—
e rxfrrx¥rzrrrrrx AL E

3012041231 WIND_RE _523hP2
20120412 2100 UTC

e
—— — - —

s =

2012021220 WIND RH $25hPa

2012-04-12 20:00 UTC

d
— s —

12041300 WIND _§

20 3 KI_§50hPa

2012-04-13 00:00 UTC

‘ 201

2041223 WIND_RH_KI_850kPa

Tomnemt 20120412 2300UTC s

. ———

MWELLIYY

N

WIND_RH_KI_850hPa
2012.04-12 2200 UTC

12041221 WIND_RH_KI_8500P2

2012041221
201204122100 UTC e

el
— - —
———

— p—
- ———

201204122000 UTC

ro::c: 1220 WIND_RH _KI_850kPs

1300 WIND_RH_700hPa

2012-

R
-

20
KL L L LT ( J—

e
— —

2012041223 WIND_RH_700kPa

—
— -

20120412230 UTC e

A —
— . —

2012051222 WIND_RH_700hPa

2012-04-12 2200 UTC

2012041221 WIND_RH_700kPa

— - ——

WY

12041220 WIND_RH_700kPa
20120412 2000 UTC

——
— . r—




L I Instabllity indices
(K-index — color and CAPE - contour)
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Stability indices

O K-index:

O K = 1(850) + Td(850) - T(500) - [T-Td(700)]

O a measure of thunderstorm potential based on the vertical temperature lapse rate, including amount and
vertical extent of low-level moisture in the atmosphere

O CAPE (Convective Available Potential Energy):
O CAPE = g * XZ[(Tparcel - Tenv) / Tenv] dz
O Summation is taken from level of free convection (LFC) to equilibrium level (EL)

O amount of buoyant energy available to accelerate a parcel vertically

O CIN (Convective Inhibition):

O basically an opposite of CAPE, and represents the -ve energy area on the sounding where the parcel
temperature is cooler than that of the environment.

O smaller (larger) the CIN is, the weaker (stronger) must be the amount of synoptic and mesoscale forced lift to
bring the parcel to its LFC

O Further reference:

O http://www.crh.noaa.gov/Imk/soo/docu/indices.php
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Moisture Flux Convergence (MFC) as a ‘proxy’ to inspect the source and change
IN Moisture

O Moisture flux convergence (MFC)
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Moisture Transport and Flux Convergence in tropical cyclone case

Meso-NHM
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NHM in TC forecasting

Severe Typhoon Vicente
20-25 July 2012
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ST Vicente (Jul 201 2)
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A ‘multi-model scenarios on daily rainfall
Forecast from 2012-07-21 12 UTC

Quantitative Table 1. Summary of QPF of Global Models for 23 Jul 2012 (MON)
Precipitation Forecast
(QPF) Summary Table Model Product } | Base Time [ -
‘ 2012 Z 21/00 Z 21112 Z |
Selct yce Ran S re—— et global models
;{:m | ﬂ .‘ nsembie utomatic rorecast | (Moderate) (Moderate) (Moderate) | d
Jul 2 2 ) J
= e an

{
Urc (12 :) JMA East grid

21
%l .[Wcsl grid { 9 :: E PS
Day of F/C Automatic Forecast | (:dh:d\:::c) :
ODay!I ECMWF NW g '
ODay2 grid [ S mm | 9 mm I 19 mm I
Day3 ISE grid | 16 mm [ ®mm T Bem
vgz; NCEP Grid Point 22N,114E) | N/A | N/A I N/A |
UDay 6 o
_Day? Table 2. Summary of Regional Models for 23 Jul 2012 (MON)
Model Product Hase Time | regional
| I 21/06 Z | 2112 Z | 2118 Z |
Meso-NHM [Time Series [ S0 mm 23 mm [ om0
MPIRSM 60-km [Time Series || 2 mm . 12 mm I 12 mm | 1 Od e | S
MPIRSM 20-km [Time Series || N/A [ 6 mm | 7 mm
MPIRSM 60-km TLE Mean Time Series | 6 mm [ 9 mm | 10 mm |
MPIRSM 20-km TLE Mean Time Series | 6 mm | 8 mm | 19 mm |

- — [ time-lagged ensemble
I\Tiodcratc Rain (Lower) : 5 mm - 10 mm
IModcratc Rain (Higher) : 10 mm - 25 mm

'-IHc avy Rain : > 25 mm

FActual Conditions on 23 Jul 2012 :

¥ Total rainfall (HKO)

fAvcragc rainfall of 7 FCV rain gauges

D R T P Sy TIPS




LR P 4
Homa Kong

0 OBSERVATORY

Quantitative

Precipitation Forecasts (Q

DF)



LR P4 &)
Hona Kong OBSERVA

-‘Multi-model scenario (global vs. regional

Meso-NHM (Operaticnal)
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e Agsessment of model QPF performance over HK

M =NHM - all 1and boxes (~ 10 km) ECMWE - center 9 boxes (0.125 deg) JMA - center 4 boxes (0.25 deg)
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- Verification of 6 Hourly Rainfall

FAR

Verification of 6 Hourly Rainfall, 2012-07-22 to 2012-07-24,

« 22 - 24 July 2012
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 \erification Scores:

- POD = Probability of Detection = no. of hit / (no. of hit + no. of miss)
« FAR = False Alarm Ratio = no. of false / (no. of false + no. of hit)
« CSI = Critical Success Index (Threat Score) = no. of hit / (no. of hit+miss+false)
* Frequency Bias = (no. of hit + false) / (no. of hit + miss)
- bias > 1 (over-forecast)

« bias <1 (under-forecast)



* Threshold = 10 mm (in 6 hours)

Verification of 6 Hourly Rainfall, 2012-07-22 to 2012-07-24,
Threshold=10 (mm)

1.0 1

0.9 4

1.0 1 Bl SsWiIRLS-2 Bl Meso-NHM B oma 2.0 -
0.9 - B rRAPIDS Bl Meso-NHM(ECMWF) [ Blend

0.8 - ’ [0 rRAPIDS-NHM [} ECMWF @l cro

|

Critical Success Index
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e o Threshold = 20 mm (in 6 hours)

Verification of 6 Hourly Rainfall, 2012-07-22 to 2012-07-24,
Threshold=20 (mm)

1.0 - 1.0 -

0.9 A

|
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| ‘ |
| |

Lead Time (hours)
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Optimizing usage of rapid-update QPF from NHM



- Rapid-update cycle

Meso-NHM TC Track Forecast for STS VICENTE (1208)

Forecast at:
2012-07-23 152
(MON)

Forecast TC tracks and
model QPF “stamp map”
from successive 3-hourly update
Meso-NHM runs

| QPF from ALL
available Meso-

S

NHM runs forecast

at
1 15 UTC 23 July

o

Select Forecast Time:

2012

20120723 [
1500 urc

NOTE:

Please use the |atest ver. of
Google Chrome or Moulla

.
-

Firefox supporting CSS3 o
view this page.




- time-lagged ensemble QPF

- mean and 75-th percentile gridded QPF

26°N

™ Valid Time: 2012-07-23 15:00UTC (MON) o marsemzs (A 1 Valid Time: 2012-07-23 15:00UTC (MON) . tmarter 2
SRR
i Vo c s
“»




- Comparison with satellite rainfall estimate JAXA global rainfall estimate using
microwave-IR combined algorithm

http://sharaku.eorc.jaxa.jp/GSMaP/

JAXA Global Rainfall Watch

rr Jpacn

Lt ap dte: D1 20OWX 120013 UIT
| Infermarien |
134y bo viem fe

Dae: 2082 : / o =/ 20 2 srooarm : UTC

L L S ——
Rain 01 05 10 20 30 50 100 150 200 250 300 jmeiv]

We offer hourly globad rainfall maps i scar reald tene (adout Sour hours afier observaton ) uing the
combined MW.IR algorihe with TRMM IMIL. Agsa AMSRE. DMSP SSM1 and SSMIS. NOAA 19
AMSU, MetOp-A AMSU and GEO IR deta. Back groend clood images are ghobally merpoed IR data
peadaced by NOAA Climate Prediction Center (CFC), uning IR data obscrved by IMA'S MTSAT
satcline, NOAAS GOES satelvtes and EUMETSAT s Metcosat sanclines

ghilippines ’
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A4 \1dl\.’l||d
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http://sharaku.eorc.jaxa.jp/GSMaP/
http://sharaku.eorc.jaxa.jp/GSMaP/

RAPIDS-NHM
QPF Ensemble

Forecast at:
2012-07-23 162
(MON)

-1 +1

H
Select Forecast Time:
20120723 T

Ensemble |
mean

Mo B 'n
A

/5-th
percentile

Mo e 18

Vakd Time: 201207-23 16:00UTC (MON) 1 o menaen 18 Vakd Time: 201207-23 16 00UTC (MON)




RAPIDS-NHM Ensemble QPF for
e 10:00 - 18:00 UTC 23 July 2012

vieca

22:00:01
W 012 HKI

§ 02:00:02




Meso-NHM QPF-Ensemble in operation

Stamp maps showing ALL available Meso-NHM
forecasts valid at 2012-12-05 00Z

Latest run  3-h before  6-h before

Meso-NHM QPF 7\ o> T
e
Ensemble LR

Forecast at:
2012-12-05 002
(WED)

Time

control a
6 [ 6

24 4
ensemble

View

(.’ - N S g ” “ > }‘ y . 7 P
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-
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Performance of “ensemble QPF”

« Any benefit from this time-lagged ensemble QPF compared to individual

“member’” model run ?



Verifying QPE

O JAXA Global Rainfall Watch Data

O Near-real-time hourly rainfall rate based on MW-IR algorithm with TRMM TMI, Aqua
AMSR-E, DMSP SSM/I and SSMIS, NOAA-19 AMSU, MetOp-A AMSU and GEO IR

data

0 0.1 degree resolution

Osimilar to Meso-NHM

JAXA Global Rainfall Watch

S S S—

>> Japanese Last up dage: 2012/Apr/12 16:00:12 UTC

[ Information ]
No need 1o register to view full cloud images

Date: (2012 )/ (apr )/ 12 3) [1100-1159 3] UTC ( submc )

Latest I _@I 2%

-~ N\ "4, - - 3
Y5012-04512.11:00511:58 (UTC). = 6.

Ran 01 05 10 20 30 50 100 150 200 250 30.0 [mmhr]

We offer hourly global rainfall maps in near real time (about four hours after observation) using the
combined MW-IR algorithm with TRMM TMI, Aqua AMSR-E, DMSP SSM/I and SSMIS, NOAA-19
AMSU, MetOp-A AMSU and GEO IR data. Background cloud images are globally merged IR data
produced by NOAA Climate Prediction Center (CPC), using IR data observed by JMA's MTSAT
satellite, NOAA's GOES satellites and EUMETSAT's Metcosat satellites.




Verification

O Period: 2 July 2011 — 30 September 2011
O Meso-NHM QPF products:

O Meso-NHM 3-hour accumulated rainfall (00,03,06,09,..., 21 UTC model runs);
T+3, T+6, ..., T+72 h

O Ensemble QPF (mean and 75-th percentile, “All” and “Rainy Grids”)

O Grid-based (0.1x0.1 deg. lat/lon grid) verification Ay SIS ORIV 20 s it

threshold >= 5mm/3 houvur

O Verification Domain:

O016.05N-24.95N




esults from individual model
uns from T+0 to T+72h

Forecast Hours (FT)

Threshold: 5 mm / 3 hrs

FT/hr 6 12 18 24 30 36 42 48 o4 60 66 (2
POD 0.18 0.22 0.21 0.21 0.20 0.19 0.19 0.18 0.17 0.17 0.17 0.15
FAR 0.65 0.69 0.74 0.75 0.77 0.79 0.80 0.81 0.83 0.84 0.84 0.87
CSl 0.13 0.15 0.13 0.13 0.12 0.11 0.11 0.10 0.09 0.09 0.09 0.08
PSS 0.16 0.19 0.18 0.18 0.17 0.16 0.15 0.14 0.12 0.12 0.12 0.10

POD = H/(H+M);
FAR = F/(H+F);
CSI = H/(H+M+F);
PSS (Pierce’s Skill Score) = H/(H+M) — F/(F+Z)

H = hit; M = miss; F = false alarm; Z = correct negative




Area based verification using ECMWF QPF

12-hr TS forecast (Yellow/Red) for holding area (Fisha)

Yellow
1D ~5 mm/3 hour
0.9 -
0.8 4
0.7 -
---¢--- POD {machine)
0E - —— POD {human-mix-machine)
---8--- FAR (machine)
05 - ~—m—FAR (human-mix-machine)
' CSI {machine)
CSI (human-mix-machine)
0.4 1 PSS (machine)
PSS (human-mix-machine)
0.3 4
0.2 1-===----PCC-======="="- DELELLIER L CIIL seseseseseseseser e e P —— T b AL ELELELLELLLL PP IS LT . .
PSS “machine” (dotted lines) at
0.1 4 e e forecast range beyond 3-6 h
06 basically from ECMWF
03 36 69 912 QPF

Forecast range (hour)

Verification results of sig. convection forecasts for holding area “Fisha”
2011-08-22 to 2011-10-16



Verification of Ensemble QPF

/5-th percentile mean
/5-th percentile mean
(rainy grid) (rainy grid)

POD 0.296 0.287 0.19 0.18

FAR 0.737 0.735 0.67 0.67

CSl 0.162 0.160 0.13 0.13

PSS 0.254 0.247 0.17 0.16

Compare with individual Meso-NHM forecasts:

FT/hr 6 12 18 24 30 36 42 48 54 60 66 72
POD 0.18 0.22 0.21 0.21 0.20 0.19 0.19 0.18 0.17 0.17 0.17 0.15
FAR 065 | 069 [ 074 | 075 | 077 | 0.79 0.80 0.81 0.83 0.84 | 0.84 0.87
CSl 0.13 0.15 0.13 0.13 0.12 0.11 0.11 0.10 0.09 0.09 0.09 0.08
PSS 0.16 0.19 0.18 0.18 0.17 0.16 0.15 0.14 0.12 0.12 0.12 0.10




Model QPF

- multi-model approach and rapid-update cycle mesoscale NWP
QPF:

- alternative scenarios of significant rain

» objective guidance to help and provide (useful) ‘first-guess
to forecasters on the analysis and diagnosis of synoptic
situation and mesoscale process

- Another use of model QPF to improve short-term (or nowcast) of
precipitation:

» blending with radar nowcasting (extrapolation of radar echoes)
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Radar Nowcast by Extrapolation

- Semi-Lagrangian Advection dt ot ax

P I RN

........

« 3 iteration to locate departure point

ssss

Sermni- Lagrangian
Advection

 bi-cubic interpolation to determine
reflectivity at departure point

Ax

4 ' Z 11130
e . 4 . 11111
g 5 777777
£ Z4" Y A | 1779977
n e L a— L %%%%%1
2 oz i*1 | y

\\" o

X Z- linear

space -~ extrapolation

« flux limiter based on local max/min
constraint

* horizontal resolution at 1.1 km - 0.5 km
with one-way nesting (256 km to 128 km
range of CAPPI reflectivity)



Blending of Q
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RAPIDS

(Rainstorm Analysis and Prediction Integrated Data-processing System)

Information
Content

10*‘

[1 to provide |-6 hours blended QPF
[1 2-km resolution, hourly/6-min updating

L1 NOWCASTING component — SWIRLS

B QPF by semi-Lagrangian advection of radar echoes

1
1
[1 NWP component — NHM
B QPF by non-hydrostatic model
Ru(i. j. 1)
SWIRLS A
6-hour rainfall forecast g S . ._‘F.u.' l ”
L = 4= :r_..,‘r,,_.",_
R =(1-wt)R, + Wi)R, | H] ' ’
. _._._...___., ,1‘
NHM + LAPS rainfall ")”# 5 l »
forecast = > .Z‘
,_’:_'_" : J R‘*'v('-l t) 46




RAPIDS ;- QPF Blending
ST Vicente (2012-07-24 02:00 HKT)

2012-07-24 0BOO H @

RAPIDS QPF

SWIRLS T+8h 1.hour accumiatod rainfall 2012-07-24 0800 b m::‘__'_" =
Y RAPIDS-2 T+6h 1-hour accumulated rainfall

02:00:02
112 H

Ranfal (mm)
24 JUl

~

SWIRLS-2 radar nowcast (1-6 hr) Blending

(optical flow tracking, semi-Lagrangian advection)

-

¥ 8 ¥ &8 8 8 2 8 §

3

-

o
L

Phase correction of .

sy 08 HR FIC 2012-07-24 00 UTC (Tue) fhaimstre position error RAPIDS 300 e e o S0LETES 1000 WI0

Intensity calibration to
adjust model rainfall A » g
intensity : VG 08:00:01

012 HKI

RAPIDS-NHM

forecast Superposition on radar

nowcast using time-
dependent weighting
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Performance

» Skill score (CSI)

e CSlof T+1to T+6 hr
nowcast

« different rainfall
thresholds at T+6 hr
nowcast

Smm threshold forecast performance from: 2012-07-23 08:00 to 2012-07-24 08:00

0.5
1 2 3 < S 6

Lead Time (Hour)

04

Skill Score (CSI)
o o o
- [N) w

o
o

BMTREC B RAPIDS_2KM_NHM
BMOVA BINHM_2KM

6 Hour lead time forecast performance from: 2012-07-23 00:00 to 2012-07-25 23:54

05
Il;-_ -

15 20 25 30 35 40 45 50 55 60 65 70

Rainfall Thresholds (mm)

0.4

Skill Score (CSI)
o o
N w

o
—

o
o

B TREC BMOVA BRAPIDS 2KM_NHM BINHM_2KM
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T. Molave (Jul 2009)

6hr(s) lead time forecast performance from: 2009-07-18 00:00 to 2009-07-20 23:54
0.35

0.30

©.0.20
o
g 0.15
0.05
000 I -II _I _I . 2 - -~

051 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Rainfall Threshols (mm)

EMOVA BTREC BRAPIDS

10mm threshold forecast performance from: 2009-07-18 00:00 to 2009-07-20 23:54
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1-444%
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Challenges for NWP TC intensity prediction

 Model resolution

 |nitial condition
* insufficient observations

* errors using bogus approach

* Physical processes
* air-sea interaction
* interactions of complex processes across different scales

- deficient representation of physical TC processes due to incomplete
understanding



NWP TC intensity forecast

* central pressure statistical post-
processing to generate

} warning of high winds,
TC signal/warning
probability

* maximum winds

 or derived from pressure-wind empirical relationship

« wind distribution

direct model outputs of

wind forecast to predict
< high wind regions and

development 7?7



ST Vicente
(00-18 UTC 2012-07-23)



NOAA Multi-platform Wind Analysis
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Formulation of wind gust forecasts

» surface roughness and stability effects

ul(),gust = f(ul()9Z9L)

uio = wind speed at 10 m level
Z = height
L = Monin Obukhov length scale

« convective component derived from low-level wind shear effects

Uig gust = &4 max (0, Ugs, — Uos )

o~0.6
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Tropical cyclone Son-Tinh

Tropical Cyclone Track Information

China Sea

adallA e Lo

Name: Tropical Depression SON-TINH

Date: 29 Oct 2012 Time: 17 HKT
Position: 21.4 N, 107.8 E (about 670 km west of Hong Kong)

Maximum sustained wind near centre: 55 km/h




Meso-NHM + EC-BND
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When Son-tinh crossed
the Philippines ...




HKO warning intensity at 24/12
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Compare forecast winds at 10 m (top) and
wind gust (bottom) in next slide ...



Meso-NHM + EC-BND C-BND
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Meso-NHM Forecast Wind Gusts and Wind Vectors at 10 m level TC N OC k_Te n

Wing O st 10 mievel 2011-07-28 03:00 UTC (Thu) 27 hr F/C iggtee: ks

A ot B T . W % G .7 ; : : .

. F . b q ’ y " . o .
Q‘ ¢~ ! A Lo 3 <8 00" e B D A HE SRS S R R SRRy R e e e e e | B
’_.v .,_I Yy b [_.v e -‘:n'_ ."-l | \".." - L} . ‘,v\‘-‘ ":' f

2011-07-28 02:30 UTC S

X}

. V.. ' .. ha
R
- o
o S
-"
<
[ .".- - - F:
‘) :
Fr- o
o] J =
J «
f. . 3
F E D
. ¢

) : F 3 = A 0
..................... nm.c‘\_ﬁ,f T‘E’sﬂfcﬂﬁﬁlfrff/i PR

25 10728 descending

FLEILE5EVFSTBRNI2RER

106°E 108°E 110°E 112t 114°E 116°E 118°E 120°E 122°E

WindSpeedand | 2011-07-28 03:00 UTC (Thu) 27 hr F/C s Tms:

w

g

FINEN W

NIZUSRBBLRLE25ERBERBRNI2RER
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Meso-NHM Forecast Wind Gusts and Wind Vectors at 10 m level
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ST Sanba

Busan

© APPGETTY MAGES | -
News Home | Arts | Headlires | Pictures | Most read | News Board

Terrifying typhoon hits South Korea with 100mph winds so strong
rocks are sent flying through the air

By PHL VINTER
PUBLISHED: 10:07 GMT, 17 September 2012 | UPDATED: 10:18 GMT, 17 September 2012

AComments (7)|HShare Q «1 4 W Tweet 19 KilUke 451

A typhoon ripped through the coast of South Korea this morning with powerful winds and heavy rain causing the death of at least one person and
leaving scores of others homeless .

Devastating Typhoon Sanba, which is generating winds of up to 97mph, and triggering blackouts in many homes and businesses is moving in a
northeasterly direction and is expected to hit eastern waters later today.

North Korea is not expected to get a direct hit, but the country’s eastern areas could see strong rain and wind from the edge of the typhoon,
according o South Korean weather officials.
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Meso-NHM TC Track Forecast for T BOLAVEN (1215)
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Summary

« Meso-NHM and RAPIDS-NHM have been in operation in HKO since June
2010

- Atmospheric Integrated Rapid-cycle (AIR) forecast model system

 Targets of AIR/NHM
« Support mesoscale analysis
- Enhance quantitative precipitation forecast

 Tropical cyclones

- Alternative (and realistic) scenario of weather forecasts over the global NWP model
outputs



Thank you very much .



